A new method has been devised to trace cross-infection by Pseudomonas aeruginosa. Unknown strains growing logarithmically in liquid media were treated with mitomycin C to induce the liberation of pyocin and phage. The lysates were then tested against 27 selected indicator strains, and the zones of clearing were differentiated as to killing by pyocin or lysis by phage. Twenty-four standard pyocin-phage lysates were then applied to each of the unknowns, and the sensitivity pattern was recorded. Thus, an "epidemiological fingerprint" consisting of 51 operational characteristics was established for each isolate. Organisms from the same source had identical or similar fingerprints, but organisms from different origins could easily be distinguished. Pyocin production, pyocin sensitivity, and phage production were found to be stable genetic characters; however, spontaneous mutations in phage sensitivity were frequently encountered. The epidemiological fingerprint has proven to be a sensitive tool in establishing the identity or dissimilarity of unknown strains. This method has been of great value in tracing the epidemiology of P. aeruginosa in the hospital environment. Each of the 157 P. aeruginosa strains tested has been typable by this method.
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In this decade, Pseudomonas aeruginosa is replacing Staphylococcus aureus as the organism for greatest concern in hospital-incurred infections. Suppression of the normal flora by antimicrobial agents and depression of normal host defense mechanisms by immunosuppressive and other agents have made many members of today's hospital population prime targets for P. aeruginosa invasion. P. aeruginosa has an exceptional ability to survive and multiply in the hospital environment and is often cultured from hand creams, mop buckets, sinks, "sterile" solutions, water baths, humidifiers, anesthesiology and inhalation equipment, and similar ecological niches.
To monitor successfully the epidemiology of this organism, it is necessary to positively establish the relationship between all isolates. (3, 6, 12, 13) . Mucoid and slowly growing strains were subcultured until their growth was similar to that of normal strains. This step was necessary before meaningful comparisons of strains could be made. All strains were maintained in litmus milk at 4 C, which eliminated the need for transfer.
Pyocin-phage production. Each culture was streaked on a Trypticase Soy Agar (TSA) plate and was incubated at 32 C for 24 hr. An isolated colony was chosen and spread in a circle, 2.5 cm in diameter, on a 150-mm TSA plate and incubated at 32 C for 16 hr. Nine cultures were placed on each plate. Some of the growth was removed with a cotton swab, and the swab was agitated with 10 ml of Trypticase Soy Broth (TSB) until the density of the bacterial suspension was the same as that of a standard killed Pseudomonas suspension, which had been previously adjusted to an optical density (OD) at 550 nm of 0.40. Each of the suspensions was inoculated into 20 ml of TSB in 125-ml Erlenmeyer flasks and grown with constant shaking at 32 C. After 2 hr, 1 ml of 30 .ug per ml filter-sterilized mitomycin C (Sigma Chemical Co., St. Louis, Mo.) solution was added, and the shaking was continued for an additional 5 to 6 hr. The content of a flask was transferred to a 50-ml centrifuge tube containing 5 ml of chloroform, shaken vigorously for 20 strokes, and then centrifuged for 10 min at 5,000 X g. The top layer was carefully removed and placed into a sterile container.
Twenty-four standard pyocin-phage lysates. Twentyfour P. aeruginosa strains were selected for their pyocin-phage production pattern, and lysates were prepared as described above. The strains and lysates were designated A to X (deposited in the American Type Culture Collection, Rockville, Md., as ATCC 25340 to ATCC 25363). Since the lysates slowly lose activity with storage at 4 C, the two strains to be compared should be tested at the same time.
NIH pyocin-phage indicator strains. Of the 177 strains tested, 27 were chosen for their sensitivity to pyocin and phage. They were given the designations NIH 1 to NIH 27 (deposited as ATCC 25313 to ATCC 25339). Assay for pyocin and phage. Each indicator strain was grown on TSA for 16 hr at 32 C. Some growth was removed and shaken with TSB to an OD at 550 nm of 0.40. A 1:1,000 dilution was made by removing 0.01 ml with a calibrated milk dilution loop (Arthur H. Thomas, Co., Philadelphia, Pa.) into 10.0 ml of TSB. A dry TSA plate was then flooded with 2 ml of the dilution, and all possible liquid was immediately removed with the aid of an automatic pipette. After drying, 0.05 ml of serial twofold dilutions of the pyocin or phage to be assayed was added. Pyocin was operationally defined to be a substance produced by one Pseudomonas strain which killed another. Units of pyocin activity were expressed as the reciprocal of the highest dilution which gave complete inhibition. Phage activity was expressed as the number of plaqueforming units per milliliter of lysate.
Epidemiological fingerprint of unknown isolates. The epidemiological fingerprint consisted of the pyocin-phage production pattern of the unknown against each of the 27 indicator strains and the pyocin-phage sensitivity pattern of the unknown against the 24 standard pyocin-phage lysates. The simultaneous addition of 24 lysates to a plate was accomplished with the Accudrop bacteriophage applicator (Sylvana Co., Millburn, N.J.) or the Zierdt bacteriophage applicator (17) .
Differentiation of pyocin and phage action. Zones resulting from pyocin were always clear, but those resulting from phage contained cell debris and could usually be distinguished by observation with a dissecting microscope. These observations were substantiated by replica plating (1) the dish onto a second lawn of the test organism. Bacteriophage lysis was visible on the second plate but not pyocin killing. Over 98% of the reactions in this study have been due to pyocin, with the remaining small percent due to phage. All reactions discussed below resulted from pyocin rather than phage, unless otherwise indicated. Dissociation mutants. Strains which were noted to form daughter colonies were streaked on TSA, and an isolated colony was picked and incubated at 32 C for 7 to 15 days. Daughter colonies were carefully picked under magnification and streaked until free from the parent colony type.
RESULTS
Mitomycin C induction of pyocin and phage. The effect of mitomycin C on the growth of strain P1 is shown in Fig. 1 . There was a slight decrease in the growth rate 2 hr after its addition, but lysis of the cells was not apparent until 4 hr. Microscopic observation of the cell clumps confirmed that actual lysis had occurred. The liberation into the medium of pyocin, active against strain T1, is shown in Fig. 2 . The release of pyocin was rapid until the 5th hr, and after 18 hr the amount detected was only slightly greater than that at 5 hr. Mitomycin induction increased the yield of pyocin almost 200-fold. Mitomycin also stimulated pyocin and phage production of four other strains (Table 1) . In each case, if a pyocin was produced, the amount was greater when the cells had been induced. In those instances in which bacteriophage was produced, mitomycin induction increased the number of plaque-forming units 10-to 1,000-fold. Tables 2 and 3 . The first six entries represent strains from different patients, all on the same nursing unit. A comparison of the pyocin production and sensitivity patterns revealed that each of the six is a separate strain and that there was no cross-infection involved.
However, strains 283 and TlO, even though they were obtained from different laboratories, were identical (Tables 2 and 3 ). When a pyocin was produced against one of the indicators, the zone size and shape were identical, and, when inhibition was less than complete, the same number of colonies appeared in the zone. A typical pyocin sensitivity plate is shown in Fig. 3 . Table 4 shows that T1O and 283 produced the same number of units of pyocin against each of the 27 indicators. It was also shown that two other indicator strains of Gillies, T9 and T13, were identical to B26 and M8 in the pyocin typing set of Wahba.
Mutations in bacteriophage sensitivity patterns. When dissociation mutants were tested with wild type, the pyocin production and sensitivity patterns were found to be the same. However, some were different in their sensitivity to phage. Table 5 shows that two strains, which would be considered the same epidemiologically, can vary in their phage sensitivity pattern. No mutants in pyocin sensitivity, pyocin production, or phage production have been encountered. 
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The use of additional indicator strains to subdivide the large pyocin types has partially resolved this objection. Gillies found that strains falling into his pyocin type 1 can be differentiated by use of five additional indicators. Zabransky and Day (16) used four additional indicators in subtyping the Mayo pyocin types. In our study, the use of 27 selected indicator strains has greatly increased the probability that two strains with exactly the same pattern are indeed identical.
Mitomycin induction of log-phase cells growing in broth was found to be the most satisfactory method for pyocin production. Strains which had been nonproducers by the agar streak method (4) were found to produce pyocin after mitomycin induction. Similarly, Hamon and Peron found that only 32 of 72 strains of Serratia produced detectable bacteriocins on agar (10) . The remaining strains liberate bacteriocins only after ultraviolet induction of broth cultures. Since our method involves only an 8-hr incubation period, the decrease in pyocin activity due to proteolytic enzymes, described by Wahba (15), was not a problem, as these enzymes are produced late in bacterial growth.
Spotting drops of pyocin-phage lysates onto lawns of indicator strains greatly facilitated the recognition of similarity between strains. If two strains were identical, the sizes of their pyocin inhibition zones were identical against each of the indicators. If a phage was produced, the number of plaques and plaque morphology were similar.
The epidemiological separation of P. aeruginosa strains by pyocin sensitivity was first suggested by Osman (9) , who added filtrates from four pyocin producers to test strains. Increasing the number of pyocin-phage lysates to 24 has increased the sensitivity of this method for differentiating unknown strains. Those with identical sensitivity patterns are tentatively considered the same, and this judgment is then confirmed by their pyocin-phage production pattern. We encountered some strains which were not sensitive to any of the 24 lysates used. They were easily differentiated by their pyocin-phage production pattern. The application of a second 
